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Abstract 

Objectives: there are indications that patients with a mitochondrial disorder (MID) develop malignomas or benign tumors more 
frequently than the general population. The aims of the study were to find out if the prevalence of tumors is actually increased in 
MID-patients and which of the malignomas or benign tumors are the most frequent. 

Methods: The charts of MID-patients were retrospectively evaluated for the presence of malign or benign tumors. MID was 
diagnosed according to the modified Walker-criteria. 

Results: Among the 475 MID-patients screened for tumors, at least a single malignoma was found in 65 patients (13.7%), and at 
least a single benign tumor in 35 patients (7.4%). Among those with malignancy, 22 were men and 43 women. Among those with a 
malignancy, 1 had definite MID, 9 probable MID, and 55 possible MID. The most common of the malignancies was breast cancer, 
followed by dermatological, gynecological, and gastrointestinal malignancies. The most frequent of the benign tumors was lipoma, 
followed by pituitary adenoma, meningeomas, carcinoids, and suprarenal adenomas. Compared to the general population, the 
prevalence of malignancies and of benign tumors was markedly increased. The female preponderance was explained by the 
frequent maternal inheritance of MIDs. 

Conclusions: Adult patients with a MID, particularly females, carry an increased risk to develop a malignancy or a benign tumor. 
Since malignancy is an important determinant for their outcome, these patients should be more accurately screened for neoplasms, 
not to overlook the point, at which an effective treatment can no longer be provided. 
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Introduction 

There are indications that patients with a 
mitochondrial disorder (MID) develop malignomas or 
benign tumours more frequently than the general 
population [1]. There are also indications that the 
mutations of the mitochondrial DNA (mtDNA), particularly 
in oncocytomas, lead to mitochondrial dysfunction, which 
may directly contribute to cancer progression [2]. That 
mitochondria plays a pathogenetic role in the 
development of malignancy and is further supported by 
the fact that cancer cells are generally characterized by 
the reduction of the oxidative phosphorylation (OXPHOS) 
together with a marked up-regulation in mitochondrial 
glycolysis (Warburg effect) [2,3]. In up to 80% of the 
various neoplasms mtDNA mutations can be found [4]. 
The aim of this study was to assess the frequency of 
malignomas and benign tumors in MID patients, to find 
out which type of tumors may be most frequently found in 
these patients, and to compare the tumor frequency in 
MID patients with that of the general population. 

Patients and methods 

Patients with syndromic or non-syndromic MIDs 
in whom the history was indicative of a tumor were 



retrospectively evaluated. MIDs were diagnosed 
according to the modified Walker criteria as definite, 
probable, and possible [5]. A MID was classified as 
"definite" if the clinical presentation was indicative of a 
MID and if there was biochemical (deficiency of complex I, 
II, or IV of the respiratory chain) or genetic evidence of a 
mitochondrial defect. AMID was classified as "probable" if 
the clinical presentation was indicative of a MID and if 
immuno-histological investigations on muscle biopsy 
showed COX-negative fibers, ragged-red-fibers, SDH- 
hyper-reactive fibers, or abnormally shaped or structured 
mitochondria with or without paracrystalline inclusions or 
glycogen or fat depositions on electron microscopy [5]. A 
MID was classified as "possible" if the clinical presentation 
suggested a MID (Table 1) and if instrumental findings 
other than a muscle biopsy were indicative of a MID 
(Table 2) [5]. The clinical presentation was considered 
"suggestive" of a MID if at least 3 of the clinical findings 
listed in Table 1 were present and if additionally at least 3 
instrumental findings listed in Table 2 were present or if 
<3 clinical abnormalities and >10 abnormalities on 
instrumental investigations were found in a single patient. 
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Table 1. History, symptoms and signs suggestive of a MID [27] 



PNS 

Double vision, ptosis, ophthalmoparesis, dropped head, camptocormia, cervical spine syndrome, limb weakness, muscular 
respiratory insufficiency, exercise intolerance, fatigue, easy fatigability, sore muscles, myalgia, muscle cramps, sensory 
disturbances, sensory ataxia, muscle rupture 
CNS 

Disorientation, confusion, autism, psychosis, lethargy, cognitive decline, dementia, seizures, stroke-like episode, ischemic stroke, 
hypersomnia, migraine, migraine-like headache, cluster headache, cerebellar ataxia, movement disorder, transverse syndrome 
Eyes 

Visual impairment, blurred vision, visual field defects, painful bulbs 
Ear 

Hypoacusis, acute hearing loss, tinnitus 
Endocrine organs 

Short stature, sicca syndrome, hyperhidrosis, impotence, hypogonadism, adynamia 
Heart 

Palpitations, orthopnoea, exertional dyspnoea, leg edema, neck vein distension, recurrent syncopes, sudden cardiac death 
Gastrointestinal 

Dysphagia, vomiting, diarrhea, obstipation, jaundice, colics, pancreatitis 
Kidneys 

Colics from nephrolithiasis 
Skeleton 

Scoliosis, arthralgia, dysmorphism 



Table 2. Unexplained instrumental findings other than a muscle biopsy or genetic testing indicative of a MID [27] 



Cerebral imaging 

Basal ganglia calcification, focal cerebral atrophy, white matter lesions, stroke-like lesion, optic atrophy, pituitary adenoma, empty 

sella 

PNS 

Polyneuropathy, motor neuron disease, myopathy 
Eyes 

Pigmentary retinopathy, cataract, glaucoma, prolonged visually evoked potentials 
Ears 

Hypoacusis on audiometry 
Serum/CSF tests 

Elevated serum / CSF lactate, elevated CSF protein, pleocytosis, recurrent CK-elevation, elevated liver function parameters, 
elevated amylase, renal insufficiency, hyperlipidemia, hyperuricemia 
Blood cells 

Anemia, thrombopenia, thrombocytosis, leucopenia, eosinophilia 
Heart 

Hypertrophic cardiomyopathy, dilative cardiomyopathy, left ventricular hypertrabeculation (noncompaction), Takotsubo syndrome, 

and arrhythmias 

Kidneys 

Kidney cysts, nephrolithiasis, renal failure 
Guts 

Parotitis, hepatopathy, liver cysts, pancreatitis, pancreatic cysts, diverticulosis, "nonspecific" colitis 
Endocrinium 

Osteoporosis, hypopituitarism, hypocorticism, diabetes, hypoaldosteronism, hypothyroidism, hyperthyroidism, hypogonadism 
Vessels 

Atherosclerosis, arterial stenosis, occlusion, aneurysm, ectasia, dissection, or rupture 
Skin 

Madarosis, psoriasis, lipomatosis 
Skeleton 

Dysmorphism (hypertelorism), bradydactylia 



Malignancies were counted as such if the report neoplastic alterations, which presented with typical 

of the histological examination was indicative of a imaging findings and did not progress at follow-up. A 

malignancy and if an appropriate treatment was applied. carcinoid was regarded as a benign tumor, if focal or 

Bowen's disease of the skin was counted as a malignancy systemic spreading was absent. Unclear cases were 

since it is a carcinoma in situ. Benign tumors were defined classified as such if the patient had a history of surgery 

as those in which histological investigations did not show indicating a malignoma but no confirmation by histology 
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was available from the charts, if the dignity of the 
extracted tissue was unclear, or if there was an unclear 
lesion on imaging of which the dignity could not be 
assessed and no further information was available. 
Treatment and outcome were not assessed in this study. 

Results 

Altogether, 479 records of patients with a 
definite, probable or possible MID were screened. 
Insufficient data were available in 4 patients. Among the 
remaining 475 patients, at least a single benign or malign 
tumor was found in 100 patients (21%). At least a single 
malignoma was found in 65 patients (13.7%), and at least 
a single benign tumor in 35 patients (7.4%). Twenty cases 
were classified as unclear. Two consecutively occurring 
malignomas were found in 6 patients and two benign 
tumors in 2 patients. Three malignomas were found in a 
single patient. One malignant and one benign tumor were 
reported in two patients. One definite malignoma and a 
questionable second malignoma were found in two 
patients. Mean age of the 65 patients with at least one 



malignoma was 75.6y (range: 46 to 93y). Among those 
with malignancy, 22 were men and 43 female. Mean age 
of the 35 patients with a benign tumor was 69. 2y (range: 
34 to 96y). Among those with a benign tumor, 9 were men 
and 26 were women. 

The most frequent among the malignomas was 
breast cancer (n=17), followed by dermatological 
malignomas (basalioma, squamous cell carcinoma, 
melanoma, M. Bowen) (n=12), gynecological tumors 
(corpus, cervix, ovarial) (n=11), gastrointestinal 
malignomas (gastric, colon, pancreas) (n=11), and 
prostate cancer (n=7) (Table 3). Other malignomas were 
more rarely found (Table 1). Only one patient with definite 
MID had a malignoma (thyroid carcinoma), 9 with 
probable MID and 55 with a possible MID (Table 3). The 
most frequent among the benign tumors were the lipomas 
(n=12), followed by pituitary adenoma (n=4), 
meningeomas (n=4), carcinoid tumors (n=4), and 
suprarenal adenomas (n=4) (Table 4). None of the 
patients with definite MID had a benign tumor but 3 with 
probable MID and 32 with possible MID. 



Table 3. Frequency of malignancies among the 475 included patients with definite, probable, or definite MID (except for the last line 
the number of malignancies and not those of the patients is given) 



Malignancy 


NOT 


Definite 


Probable 


Possible 


Breast carcinoma 


17 


0 


1 


16 


Dermatological 










Basalioma 


6 


0 


0 


6 


Melanoma 


3 


0 


0 


3 


sec 


2 


0 


0 


2 


M. Bowen 


1 


0 


1 


0 


Gynecological 










Corpus/cervix 


9 


0 


0 


9 


Ovarial 


2 


0 


1 


1 


Gastrointestinal 










Colon 


6 


0 


1 


5 


Gastric 


3 


0 


0 


3 


Pancreas 


2 


0 


0 


2 


Prostate 


7 


0 


2 


5 


Hematological 










CML 


1 


0 


0 


1 


Myeloma 


1 


0 


0 


1 


Lymphoma 


3 


0 


0 


3 


Thyroid 


3 


1 


2 


0 


Bladder 


3 


0 


1 


2 


Kidney 


2 


0 


1 


1 


Vocal cord 


1 


0 


0 


1 


Number of patients 


65 


1 


9 


55 



NOT: number of tumors, SCC: squamous cell carcinoma, CML: chronic myeloid leukemia 



Table 4. Frequency of benign tumors among the included 475 patients with definite, probable or definite MID (except for the last line 



the number of malignancies and not those of the patients is given) 

Malignancy NOP Definite Probable Possible 

Lipoma 12 0 1 11 

Pituitary adenoma 4 0 0 4 

Meningeoma 4 0 0 4 

Carcinoid 4 0 0 4 

Suprarenal adenoma 4 0 1 3 

Thyroid adenoma 3 0 1 2 
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Colon adenoma 


2 


0 0 


2 


Myxomatous tumor 


1 


0 0 


1 


Hemangioma 


1 


0 0 


1 


Histiocytoma 


1 


0 0 


1 


Total NOP 


35 


0 3 


32 


NOP: number of patients 








Table 5. Prevalence of malignancy in Austria at 12/2010. The population in 2010 amounted to 8387742 [28] 


Type of malignancy 




Absolute number (n) 


Rate (%) 


Breast 




62376 


0.74 


Melanoma 




15730 


0.19 


Uterus/cervix 




21042 


0.25 


Ovarial 




6222 


0.074 


Colon 




38864 


0.46 


Gastric 




6659 


0.079 


Pancreas 




1674 


0.019 


Prostate 




53025 


0.63 


Leukemia 




5961 


0.071 


Thyroid 




10635 


0.13 


Bladder 




15550 


0.18 


Kidney 




13133 


0.16 


Total 




293850 


3.5 



37000-38000 patients come down with 
malignancy every year in Austria. At the end of 2010, the 
total number of patients alive with malignancy amounted 
to 293850. Since the population was 8387742 in the year 
2010 in Austria, the prevalence of malignancy in the 
general population was 3.5%. The prevalence of 
malignancy in MIDs (13.7%) was thus almost four times 
higher than in the general population. 

Discussion 

This retrospective study showed that one fifth of 
the adult patients with definite, probable, or possible MID 
develop a malignant or benign tumor during the disease 
course. The most frequent of the malignancies in these 
patients were breast cancer and the most frequent of the 
benign tumors were lipomas. In malignant as well as 
benign tumors, there was a striking female 
preponderance. The frequency of tumors in the 
investigated cohort was four times higher than in the 
general population. 

There is a number of patients with syndromic or 
non-syndromic MID in whom malignancy has been 
described in addition to the mitochondrial defect. These 
include patients with MELAS-syndrome developing biliary 
cystadenocarcinoma [6] or renal cell carcinoma [7], 
patients with LHON developing acute lymphoblastic 
leukemia [8] or malignant lymphoma [9], patients with 
maternally inherited diabetes and deafness (MIDD) 
developing cervical carcinoma [10], patients with Leigh 
syndrome developing liver hepatoblastoma [11], patients 
with depletion syndrome developing hepatocellular 
carcinoma [12], or patients with non-syndromic MID 
developing thyroid carcinoma [13]. MIDs in which benign 
tumors have been reported include MERRF syndrome, 



associated with lipoma [14-16], LHON, associated with 
pituitary adenoma [17], CPEO, associated with lipoma 
[18], or non-syndromic MIDs due to a SDH mutation, 
associated with paraganglioma or pheochromocytoma 
[19]. 

The reason why tumors are more prevalent in 
MID patients compared to the general population is 
unknown. However, several speculations can be put 
forward to provide possible explanations for involvement 
of mitochondrial dysfunction in carcinogenesis [20]. 
Mitochondria are not only responsible for energy 
production but are also involved in cell proliferation and 
apoptosis (programmed cell death). They also represent 
the major site for the generation of oxidative stress in form 
of reactive oxidative species (ROS) why it has been 
hypothesized that they play a crucial role in ageing and 
carcinogenesis [20] and directly contribute to cancer 
progression [2]. Increased ROS production also increases 
the number of mtDNA mutations [2]. Increased number of 
mtDNA mutations in turn results in increased ROS 
production, which acts as mutagen or cellular mitogen. In 
addition to ROS, the mutation rate of the mtDNA may be 
increased by replication defects, absence of a repair 
system, and other factors, representing an important 
further contributor to carcinogenesis [20]. 

More specific explanations for the increased 
frequency of malignancies in MID patients have been 
provided by several other studies. There are indications 
that up-regulation of the OPA1 gene, a mitochondrial 
fusion-related protein, results in decreased apoptosis [21]. 
Decreased apoptosis could be responsible for the 
insufficient elimination of depraved cells. On the contrary, 
there are also indications that mutations associated with 
Leigh syndrome bolster mitochondria-mediated apoptosis 
and result in mitochondrial hyperpolarization [22]. A 
further mechanism could be an overexpression of 
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prohibin, an evolutionary conserved protein, which is 
closely related to malignancy [23]. There may also be a 
reduced expression of the "house-cleaning" enzyme 
inosine triphosphate pyrophosphohydrolase (ITP), which 
degrades non-canonical ("regoue") nucleotides [24]. 
Nucleotide imbalances produced by low ITP-activity may 
induce mitochondrial dysfunction comprising cell integrity 
[24]. There are also indications that mtDNA mutations 
produce differences in expression levels of specific 
nuclear-encoded genes, which are capable to trigger a 
malignancy phenotype [25]. There are also studies that 
show that mtDNA mutations cause reversible or 
irreversible changes in genomic DNA methylation of the 
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nuclear DNA [26]. The female preponderance in the 
prevalence of malignomas in MIDs could be explained 
with the frequent maternal inheritance of the underlying 
disease or the increased survival of females until 
advanced age. 

It was concluded that adult patients with a MID, 
particularly females, carry an increased risk of developing 
malignancy or a benign tumor during the course of the 
disease. Since malignancy is an important determinant for 
the outcome, MID patients should be more accurately 
screened for neoplasms, not to overlook the point, at 
which an effective treatment can no longer be provided. 
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